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ABSTRACT 

Maneuvers conducted i n  an  i n t e r v a l  cen te red  n e a r  
o r b i t a l  midnight are planned f o r  t h e  Skylab O r b i t a l  Assembly 
t o  remove c o n t r o l  moment gryo  b i a s  momentum. With la rge  
a b s o l u t e  va lues  of t h e  a n g l e  ( B )  between t h e  o r b i t a l  p l ane  
and t h e  ear th-sun  l i n e ,  a p o r t i o n  or a l l  of t h e  momentum 
d e s a t u r a t i o n  maneuvers w i l l  be performed i n  s u n l i g h t .  
I l l umina ted  d e s a t u r a t i o n  maneuvers w i l l  expose t o  d i rec t  
s u n l i g h t  s p a c e c r a f t  components which are normally shaded 
i n  t h e  solar i n e r t i a l  ( S I )  a t t i t u d e .  

This  memorandum e v a l u a t e s  t h e  thermal  e f f e c t s  of 
t hese  momentum d e s a t u r a t i o n  maneuvers on t h e  ATM c h a r g e r  
b a t t e r y  r e g u l a t o r  modules,OWS radiator  and AM-MDA r a d i a t o r .  
The a n a l y s i s  i s  based upon comparisons of i n c i d e n t  and 
absorbed thermal  environmental  l oads  on t h e s e  components 
d u r i n g  t h e  f u l l y  i l l u m i n a t e d  maneuvers and du r ing  t h e  nor- 
m a l  S I  a t t i t u d e .  

This  a n a l y s i s  i n d i c a t e s  t h a t  for t h e  l i s t e d  com-  
ponents  t h e  thermal  e f f e c t  o f  f u l l y  i l l u m i n a t e d  momentum 
d e s a t u r a t i o n  maneuvers i s  less severe than  t h e  normal S I  
a t t i t u d e  f o r  l o w  1 6 1 .  
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INTRODUCTION 

Maneuvers conducted i n  an i n t e r v a l  cen te red  nea r  o r b i t a l  
midnight  are planned f o r  t h e  Skylab O r b i t a l  Assembly t o  remove 
c o n t r o l  moment gy ro  b i a s  momentum. For  a b s o l u t e  v a l u e s  of t h e  
a n g l e  ( 6 )  between t h e  o r b i t  p lane  and ear th-sun  l i n e  >40°, t h e s e  
momentum d e s a t u r a t i o n  maneuvers w i l l  expose s p a c e c r a f t  s u r f a c e s  
which a r e  normally shaded i n  t h e  s o l a r  i n e r t i a l  ( S I )  a t t i t u d e  t o  
t h e  sun. With  i n c r e a s i n g  161,  an i n c r e a s i n g  f r a c t i o n  of t h e  
d e s a t u r a t i o n  maneuver i s  performed i n  s u n l i g h t .  A l l  of  t h e  
d e s a t u r a t i o n  maneuver i s  i l l umina ted  f o r  I B I > 69.4O.  

b a t t e r y  r e g u l a t o r  modules (CBRM) s u r f a c e s  and t h e  OWS r a d i a t o r ,  
which i n  t h e  normal S I  a t t i t u d e  a r e  p a r a l l e l  t o  t h e  s u n ' s  r a y s ,  
t o  r e c e i v e  d i r e c t  s o l a r  f l u x .  This  memorandum e v a l u a t e s  both 
t h e  o r b i t  averaged t o t a l  i n c i d e n t  thermal  environmental  l oads  
and t h e  maximum absorbed in s t an taneous  loads  on t h e s e  s u r f a c e s  
d u r i n g  f u l l y  i l l u m i n a t e d  maneuvers. These induced t h e r m a l  loads  
are  compared w i t h  t h e  o r b i t  averaged maximum normal e a r t h  
r e f l e c t e d  (a lbedo)  and e a r t h  emi t t ed  (IR) l oads  exper ienced  dur- 
i n g  r e g u l a r  S I  a t t i t u d e  mission phases .  

- 
These maneuvers cause t h e  t h r e e  shaded ATM cha rge r  

DESATURATION PROFILE 

The d e s a t u r a t i o n  maneuver f l i g h t  p r o f i l e s  used i n  t h i s  
s tudy  are r e p o r t e d  i n  Reference [l]. These p r o f i l e s  w e r e  ob ta ined  
by a s imula t ion  of v e h i c l e  dynamics, d i s t u r b a n c e  to rques ,  and dump 
procedures  as d e f i n e d  i n  t h e  Program D e f i n i t i o n  Document of Novem- 
b e r  1 9 7 0  and modified by a working n o t e  from H. Kennel of MSFC. 
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These dump maneuvers r e q u i r e  a minimum 108O of o r b i t a l  
t r a v e l  when a p o r t i o n  o r  a l l  of t h e  maneuver i s  i l l u m i n a t e d .  
With (@(<40°, a longer  t o t a l l y  shaded f3 dependent maneuver i n t e r -  
v a l  i s  u t i l i z e d .  The maneuver i n t e rva l  i s  n o t  c e n t e r e d  on o r b i t  
midnight ,  b u t  i s  o f f s e t  a B dependent a n g l e  (nTM, Reference [I]) 
o p p o s i t e  t o  t h e  d i r e c t i o n  of t r a v e l  i n  t h e  o r b i t .  I n  t h e  nominal 
SI a t t i t u d e  t h e  OWS l o n g i t u d i n a l  a x i s  i s  d i s p l a c e d  o u t  of t h e  
o r b i t a l  p l ane  by a B dependent r o t a t i o n  v Z  about  t h e  ATM sun 
p o i n t i n g  a x i s .  

T h e  d e s a t u r a t i o n  p r o f i l e  c o n s i s t s  of three consecu t ive  
r o t a t i o n s  about  three d i f f e r e n t  axes .  The magnitudes of these 
c o n s t a n t  angu la r  v e l o c i t y  r o t a t i o n s  and t h e  a x e s  d i r e c t i o n  c o s i n e s  
a r e  a l s o  B dependent.  These r o t a t i o n s  and t h e i r  d i r e c t i o n s  f o r  
s e v e r a l  B ang les  are given i n  Reference [l]. T h e  f irst  and t h i r d  
r o t a t i o n a l  phases  each comprise one f o u r t h  of t h e  t o t a l  maneuver 
t i m e .  A t  t h e  end of t h e  d e s a t u r a t i o n  maneuver f i n a l  r o t a t i o n a l  
phase,  t h e  Skylab i s  r e t u r n e d  t o  t h e  o r i g i n a l  S I  a t t i t u d e  f o r  
t h a t  p a r t i c u l a r  6. 

SURFACES OF INTEREST 

The three ATM CBRMS u t i l i z e  p a s s i v e  thermal  c o n t r o l  and 
are mounted on t h e  ATM rack.  I n  t h e  S I  a t t i t u d e  these modules are 
shaded by t h e  ATM s o l a r  s h i e l d  and t h e i r  r e s p e c t i v e  f a c e  normals 
a r e  a l s o  pe rpend icu la r  t o  t h e  ear th-sun l i n e .  I n  t h i s  d i s c u s s i o n  
these modules a r e  i d e n t i f i e d  as C1, C2! and C3 and t h e  normals t o  
t h e i r  r e s p e c t i v e  f a c e s  are i n  t h e  S k y l &  fY, + X ,  and -Y d i r e c t i o n s .  
The Skylab -Z a x i s  i s  the ATM sun  p o i n t i n g  a x i s  and the  -X a x i s  
i s  t h e  l o n g i t u d i n a l  a x i s  i n  t h e  d i r e c t i o n  of t h e  Workshop a f t  end. 

The O r b i t a l  Workshop (OWS) r a d i a t o r ,  which i s  approxi- 
mately normal t o  t h e  Skylab -X a x i s ,  i s  ano the r  component which 
may be a f f e c t e d  by t h e  thermal  consequences of these d e s a t u r a t i o n  
maneuvers and i s  a l s o  considered here. I n  t h i s  a n a l y s i s  t h e  
d i r e c t i o n s  of the  normals t o  the  OWS radiator  and C2 s u r f a c e s  
are both assumed t o  be para l le l  t o  the  Skylab l o n g i t u d i n a l  a x i s .  

The  c y l i n d r i c a l  AM-MDA r a d i a t o r  i s  ano the r  component 
whose thermal  performance may be adve r se ly  a f f e c t e d  by t h e  CMG 
momentum d e s a t u r a t i o n  marleuvers. T h e  a x i s  o f  t h i s  s t r u c t u r e  
co inc ides  w i t h  t h e  Skylab X axis.  



- 3 -  

ANALYSIS - 
In  o r d e r  t o  make a t h e r m a l  e v a l u a t i o n  of t h e  e f f e c t  

of d e s a t u r a t i o n  maneuvers upon p a r t i c u l a r  s p a c e c r a f t  s u r f a c e s ,  
t h e i r  r e s p e c t i v e  i n c i d e n t  d i r e c t  s o l a r ,  a lbedo  and I R  h e a t  
f lux- t ime p r o f i l e s  must be  determined. Ava i l ab le  h e a t  f l u x  
programs can handle  any i n e r t i a l  or p l a n e t  o r i e n t e d  s p a c e c r a f t  
a t t i t u d e  f o r  a complete o r b i t ,  b u t  do n o t  have t h e  c a p a b i l i t y  
t o  va ry  an  a t t i t u d e  w i t h i n  an o r b i t .  T o  determine t h e  t i m e  
va ry ing  d i r e c t  s o l a r  f l u x  r e q u i r e s  c a l c u l a t i o n  of t h e  c o s i n e  
of t h e  ang le  between t h e  normal t o  a s u r f a c e  of i n t e r e s t  and 
t h e  solar  p o i n t i n g  v e c t o r .  Evalua t ion  of c e r t a i n  e lements  of 
a t i m e  dependent 3 x 3 cosine i-ilatrix y i e l d s  the  r e q u i r e d  quan- 
t i t i e s .  This  ma t r ix  is  t h e  product  of two, t h r e e ,  and f o u r  
c o s i n e  matrices f o r  t h e  t h r e e  d e s a t u r a t i o n  maneuver phases .  

Accurate de te rmina t ion  of t h e  ea r th  e m i t t e d  t h e r m a l  
f l u x  ( I R )  du r ing  t h e  maneuver i s  more involved than  f o r  t h e  
i n c i d e n t  direct  s o l a r  f l u x .  For t h e  I R  f l u x  a s e p a r a t e  program 
run must be made f o r  each d e s i r e d  p o i n t  i n  t h e  o r b i t ,  o r  t h e  
e x i s t i n g  GSFC f l u x  program 1 2 ]  must be modif ied t o  p rov ide  a t t i -  
t ude  change c a p a b i l i t y  du r ing  an o r b i t .  F o r t u n a t e l y  t h e  a n g u l a r  
r o t a t i o n s  experienced by t h e  v e h i c l e  dur ing  t h e  d e s a t u r a t i o n  
maneuvers are r e l a t i v e l y  s m a l l  and t h e  I R  f l u x  change w i l l  
be s m a l l .  

During t h e  d e s a t u r a t i o n  maneuvers t h e  s o l i d  a n g l e s  
f r o m  Skylab s u r f a c e s  t o  t h e  e a r t h  subtend p r i m a r i l y  n i g h t  areas 
on t h e  e a r t h ' s  s u r f a c e .  The i n c i d e n t  e a r t h  r e f l e c t e d  (a lbedo)  
f l ~ x  on any v e h i c l e  s u r f a c e s  dur ing  t h e  maneuvers w i l l  t h u s  
e i t h e r  be zero  o r  a n e g l i g i b l e  amount. 

Shadowing of t h e  CBRM s u r f a c e s  du r ing  d e s a t u r a t i o n  
maneuvers by t h e  ATM s o l a r  a r r a y s  and t h e  ATM s o l a r  s h i e l d  i n t r o -  
duces f u r t h e r  s i g n i f i c a n t  geometric complexity t o  t h e  thermal  
e v a l u a t i o n ,  e s p e c i a l l y  f o r  t h e  I R  and a d j a c e n t  s u r f a c e  ref lected 
and e m i t t e d  f l u x e s .  I n  t h i s  a n a l y s i s  t h e  e f f e c t s  of C B W  shadow- 
i n g  and ad jacen t  s u r f a c e  r e f l e c t e d  and emit ted f l u x  du r ing  d e s a t -  
u r a t i o n  maneuvers w e r e  n o t  eva lua ted .  The shadowing e f f e c t s  on 
I R  and ad jacen t  s u r f a c e  r e f l e c t e d  and emi t t ed  f l u x  by t h e  s m a l l  
r o t a t i o n s  (~1O"maximum) of t h e  maneuvers w e r e  assumed t o  be  
c o n s t a n t  f o r  t h e  S I  and d e s a t u r a t i o n  f l i g h t  p r o f i l e s .  

The o r b i t  averaqed albedo and I R  f l u x e s  on t h e  t h r e e  
CBRM s u r f a c e s  and t h e  OWS r a d i a t o r  s u r f a c e  i n  t h e  S I  a t t i t u d e  are 
shown as func t ions  of B i n  F igures  1 and 2 . *  These cu rves  f o r  
a 235 NM c i r c u l a r  o r b i t  w e r e  determined by use of t h e  GSFC f l u x  
program. 

*For - B  ang les  t h e  C1 and C 3  a lbedo cu rves  of F igu re  1 are 

in te rchanged .  The cu rve  f o r  C 2  i n  t h i s  f i g u r e  i s  u n a f f e c t e d  by - + B .  
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The e f f e c t  of t h e  r o t a t i o n  of t h e  OWS l o n g i t u d i n a l  a x i s  
Z '  about  t h e  sun p o i n t i n g  a x i s  and o u t  of t h e  o r b i t  p l ane  ( a n g l e  v 

Reference [ l ] ) d u r i n g  t h e  S I  a t t i t u d e  i s  n e g l i g i b l e  a s  shown below 
and i s  n o t  i nc luded  i n  t h e s e  curves.  The fo l lowing  t a b l e  l i s ts  
t h e  o r b i t  averaged a lbedo  (Q,) and I R  (QIR) f l u x e s  both wi th  and 
wi thou t  t h e  v z  r o t a t i o n  f o r  t h e  CBRM f a c e s  f o r  c e r t a i n  B-angles. 
All f l u x e s  i n  t h i s  a n a l y s i s  a r e  i n  Btu /hr - f t2  u n i t s .  

Trn i IE  I 

S I  o r b i t  averaged f l u x e s  
c o n s i d e r i n g  v I Z 

S I  o r b i t  averaged 
f l u x e s  ignor ing  v z  

Z QA Q I R  SURFACE QA Q I R  1 * * Y  

c2 

c3 

c2 

c3 

c1 

c2 

c3 

+7 3 8.5 23.9 
+73 4.0 24.4 

+73 0.5 23.9 

0 13.3 24.4 

+40 16.8 21.3 

+40 10.1 24.5 

+40 2.6 21.3 

-73 8.5 23.9 

-73 4.0 24.4 

-73 0.5 23.9 

-19 8.3 23.9 
-19 5.4 24.4 

-19 0.7 23.9 

-1.3 13.0 24.5 

-5.5 16.8 21.4 

-5.5 9.4 24.4 

-5 .5 2.6 21.4 

+17 8 . 3  23.9 

+17 5.2 24.4 

+17 0.6 23.9 

To de termine  t h e  o r b i t  averaged d i r e c t  s o l a r  f l u x  on 
t h e  s u r f a c e s  of i n t e r e s t  during t h e  d e s a t u r a t i o n  maneuvers, nor- 
m a l  vectors w e r e  de f ined  wi th  r e s p e c t  t o  t h e  Skylab body axes.  
With t h e  v e h i c l e  i n  t h e  S I  a t t i t u d e  and t h e  OWS l o n g i t u d i n a l  
a x i s  i n  t h e  o r b i t a l  p lane ,  t h e s e  s u r f a c e  v e c t o r s  w e r e  rotated 

* B  i s  p o s i t i v e  when t h e  sun i s  n o r t h  of o r b i t  noon. 
**Rota t ion  sense  wi th  r e s p e c t  t o  t h e  sun-point ing ( -2 )  a x i s ,  

Reference [I]. 
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i n  conformance w i t h  t h e  r e q u i r e d  d e s a t u r a t i o n  maneuver p r o f i l e s .  
Two, t h r e e  and f o u r  r o t a t i o n s  corresponding t o  t h e  f i r s t ,  second 
and t h i r d  phases  of t h e  d e s a t u r a t i o n  maneuver are r equ i r ed .  The 
f i r s t  r o t a t i o n  f o r  each phase i s  v z  about  t h e  ATM sun p o i n t i n g  
a x i s  and each s u c c e s s i v e  phase u t i l i z e s  t h e  r o t a t i o n s  of t h e  pre-  
ceeding  p h a s e ( s ) .  The c o s i n e  ma t r ix  d e s c r i b i n g  a g e n e r a l  rota- 
t i o n  of a v e c t o r  about  an a r b i t r a r y  a x i s  developed i n  Reference [31 
w a s  used t o  e s t a b l i s h  t h e  t i m e  varying p o s i t i o n s  of t h e  s u r f a c e  
normals w i th  r e s p e c t  t o  t h e  sun p o i n t i n g  v e c t o r .  C e r t a i n  e lements  
of t h e  r e s u l t i n q  t h r e e  t r ans fo rma t ion  matrices are t h e  d i r e c t i o n  
c o s i n e s  of t h e  a n g l e s  between t h e  normals t o  t h e  s u r f a c e s  of i n t e r -  
est and t h e  sun p o i n t i n g  v e c t o r .  

F igu res  3 and 4 show t h e  c o s i n e  of t h i s  ang le  du r inq  t h e  
d e s a t u r a t i o n  maneuver f o r  two of t h e  CBRM normals f o r  B = +/-73". 
S ince  t h e  OWS r a d i a t o r  pane l  normal and t h e  remaining CBRM normal 
are 1 8 0 °  away from t h e  two i n d i c a t e d  normals,  t h e i r  cu rves  are 
simply t h e  mirror  images of t h e  i l l u s t r a t e d  curves .  Negat ive 
c o s i n e  v a l u e s  of t h e s e  cu rves  i n d i c a t e  t h a t  t h e  normal t o  a pa r -  
t i c u l a r  pane l  i s  > 9 0 °  away from t h e  sun p o i n t i n g  v e c t o r .  With a 
n e g a t i v e  c o s i n e  t h e  s u r f a c e  i s  thus  s e l f  shadowing and r e c e i v e s  
no d i r e c t  s o l a r  f l u x  f o r  t h a t  p o r t i o n  of t h e  d e s a t u r a t i o n  maneuver. 

The wors t  case f o r  maximum d i r e c t  s o l a r  f l u x  f o r  a pa r -  

The correspond- 
t i c u l a r  CBRM s u r f a c e  occur s  f o r  t h a t  segment of a curve  which 
e x h i b i t s  maximum a r e a  above t h e  h o r i z o n t a l  a x i s .  
i n g  d i r e c t  solar f l u x e s  on CBRM f a c e s  C 1  and C3 a r e  seen t o  be 
n e g l i g i b l e  f o r  I@I=73" from Figures  3 and 4 .  The c o s i n e  of t h e  
maximum ang le  between t h e  C2  panel  normal and t h e  so la r  p o i n t i n g  
v e c t o r  f o r  I ~ 1 = 7 3 ~  i s  0 .180  from F igure  4 .  
d u r i n g  which C2 r e c e i v e s  d i r e c t  s o l a r  f l u x  i s  15.9 minutes .  The 
r e s p e c t i v e  average  i n c i d e n t  d i r e c t  solar  f l u x e s  du r ing  t h e  maneuver 
and d u r i n g  t h e  o r b i t  f o r  C2 a r e  429 x 0 .180/2  and 

The cor responding  t i m e  

2 4 2 9  x 0 .180  x 15.9/(2x91.8)=6.7 Btu /hr - f t  . 
DISCUSS I ON 

I n  long dura t , ion  missions,  6-angles which y i e l d  f u l l y  
shaded d e s a t u r a t i o n  maneuvers occur much more f r e q u e n t l y  than  do 
t h e  B-angles which y i e l d  p a r t i a l l y  o r  f u l l y  i l l u m i n a t e d  maneuvers. 
From Figure  (1) of Reference [ 4 ] ,  about  68 days of t h e  i n d i c a t e d  
236 day mission w i l l  y i e l d  some i l l u m i n a t i o n  du r ing  t h e  de- 
s a t u r a t i o n  maneuvers. Reference [ 41 a l s o  shows t h a t  t h e r e  w i l l  
be a t  l ea s t  f o u r  days du r ing  any 236 day miss ion  when every  
Skylab dump maneuver w i l l  be  t o t a l l y  i l l u m i n a t e d ,  independent 
of t h e  SL- 1 launch da te / t ime.  
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T a b l e  I1 l i s t s  t h e  o r b i t  ave ra  ed  i n c i d e n t  f l u x e s  
f o r  t h r e e  l i m i t i n g  CBRM cases: 
averaged d i r e c t  s o l a r  f l u x  (Qs) ,  minimum B ,  maximum o r b i t  
averaged albedo f l u x  (Q,) dur ing  f u l l y  shaded d e s a t u r a t i o n  
maneuvers. 

maximum T B l  w i t h  maximum o r b i t  

Sur face  
- 

I 

c2 

c2 

c1 

TABLE I1 

O r b i t  

des  a t u r a t i o n  
'I+ maneuver 

I S I  

B o  QS QA Q I R  
~ ~~ 

-73 6 .7  5.2 24.4 

13.0 24.5 --- 0 

16.8 21.4 --- +40 

Ful ly  shaded d e s a t u r a t i o n  maneuvers occur  f o r  t h e  l a s t  t w o  cases 
and t h e  o r b i t  averaged a lbedo  f l u x  i s  9 %  and 41% g r e a t e r  t han  
t h e  sum of  t h e  o r b i t  averaged d i r e c t  so la r  and a lbedo  f l u x e s  
for f u l l y  i l l u m i n a t e d  d e s a t u r a t i o n  maneuvers a t  maximum I B I .  
For t h e  maximum 18 I case, Q, and QIR are from Table I s i n c e  t h e  
sma l l  angles  of  t h e  maneuvers w i l l  n o t  y i e l d  s i g n i f i c a n t  changes 
t o  t h e  f l u x e s  a s  compared w i t h  t h e  S I  a t t i t u d e .  

For t o t a l l y  i l l u m i n a t e d  d e s a t u r a t i o n  maneuvers t h e  
maximum d i r e c t  so la r  f l u x  occurs somewhat p r i o r  t o  o r b i t a l  mid- 
n i g h t .  The albedo f l u x  reduces t o  approximately ze ro  from 90'  
t o  llOo of o r b i t a l  t ravel  from l o c a l  noon f o r  I B I  <73O. The 
IR f l u x  on C1 and C2 is  e i t h e r  a m i n i m u m  or  a low-value a t  t h e  
p o s i t i o n  of  maximum d i r e c t  s o l a r  f l u x  f o r  1 ~ 1 = 7 3 " .  The i n c i d e n t  
d i r e c t  so la r  f l u x  from t h e  d e s a t u r a t i o n  maneuvers i s  t h e r e f o r e  
a maximum a t  t h e  t i m e  t h e  albedo f l u x  i s  z e r o  and t h e  I R  f l u x  
i s  zero  o r  a low va lue .  The d i r e c t  s o l a r ,  a lbedo  and I R  f l u x e s  
f o r  B = - 7 3 O ,  when maximum d i r e c t  s o l a r  f l u x  occur s  du r ing  
d e s a t u r a t i o n  maneuvers, are shown i n  F igure  5 fo r  CBRM C2. 
The d i r e c t  s o l a r  f l u x  received by t h e  cons ide red  components as 
a consequence of t h e  d e s a t u r a t i o n  maneuvers i n  t o t a l  i l l u m i n a t i o n  
w i l l  t h u s  occur  when they  a r e  each close t o  t h e i r  r e s p e c t i v e  
c o o l e s t  s ta tes  . 
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On an o r b i t  averaged b a s i s ,  t h e  maximum i n c i d e n t  f l u x  

A 
i s  less  f o r  an o r b i t  a t  m a x i m u m  1 6 1  whi le  performing t h e  
d e s a t u r a t i o n  maneuvers than  fo r  normal S I  o r b i t s  a t  low 
comparison of t h e  maximum ins t an taneous  absorbed thermal  loads  
f o r  t h e  t w o  f l i g h t  p r o f i l e s  i s  p resen ted  here .  The i n s t a n t a n e o u s  
absorbed thermal  load ,  Q, i s  

161. 

where c1 i s  t h e  degraded s o l a r  absorp tance  of t h e  CBRM S13G 
p a i n t  (0,5) i 

E i s  t h e  thermal  emi t t ance  of t h e  CBRM p a i n t  ( 0 . 9 ) .  

i s  t h e  maximum value  of t h e  cos ine  of t h e  a n g l e  
between t h e  sun p o i n t i n g  v e c t o r  and t h e  normal 
t o  a CBRM p a n e l  from F i g u r e s  3 or 4 .  

\icosA) 

a r e  t h e  in s t an taneous  v a l u e s  of t h e  a lbedo  and I R  

f o r  lcosX I ,  (B tu /h r - f t2 ) .  
QA' IR f l u x e s  corresponding t o  t h e  s p a c e c r a f t  p o s i t i o n  

S i s  t h e  s o l a r  cons t an t  ( 4 2 9  B tu /h r - f t  2 1.  

From F i g u r e  4 t h e  maximum value  of lcosXl i s  0 . 1 8 0  f o r  C2 a t  
B= - 7 3 " .  This  va lue  occur s  a t  135' from o r b i t  noon i n  t h e  
d i r e c t i o n  of o r b i t  t r a v e l  where Q,=O and QIR=0.20.  

mum absorbed in s t an taneous  thermal  load f o r  t h i s  h igh  

c a s e  from t h e  above equa t ion  i s  38.8 Btu /hr - f t  . For CBRM C1 i n  
a normal S I  o r b i t  wi th  B = 4 O o ,  t h e  maximum absorbed i n s t a n t a n e o u s  
thermal  load  occurs  a t  o r b i t a l  noon and i s  68.5 Btu /hr - f t2 .  The 
maximum ins t an taneous  load  absorbed by C1 d u r i n g  a normal S I  o r b i t  

o r  a shadowed d e s a t u r a t i o n  o r b i t  maneuver wi th  B = 4 O o  i s  t h u s  9 1 %  
h i g h e r  t han  t h e  maximum absorbed by C2 du r ing  a d e s a t u r a t i o n  o r b i t  

w i t h  B= -73" .  H e r e ,  as i n  t h e  p rev ious  a n a l y s i s ,  t h e  change i n  
t h e  i n c i d e n t  IR and a d j a c e n t  s u r f a c e  r e f l e c t e d  and emi t t ed  f l u x e s  
due t o  t h e  d i f f e r e n t  shadowing p a t t e r n  r e s u l t i n g  from t h e  sma l l  
r o t a t i o n  ( 1 0 O 2 4 ' )  i s  neg lec t ed .  

t h e  maxi- 

1 B I 
2 

The previous  CBRM arguments a r e  a l s o  a p p r o p r i a t e  f o r  
t h e  OWS r a d i a t o r ,  s i n c e  i t s  normal i s  approximately 180° away 
from C2.  By cons ide r ing  t h e  r e f l e c t e d  C curves  of F igu res  3 

and 4 ,  t h e  maximum i n c i d e n t  o rb i t  averaged d i r e c t  s o l a r  f l u x  
on t h e  OWS r a d i a t o r  ( 4 . 5  Btu /hr - f t2)  f o r  maximum 161 i s  less 
than  f o r  C2.  

2 
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I n  the S I  a t t i t u d e  t h e  AM-MDA r a d i a t o r  a x i s  i s  
normal t o  t h e  ea r th - sun  l i n e  w i t h  t h e  m a j o r i t y  of t h e  sun 
f a c i n g  s u r f a c e  shaded by t h e  ATM solar  s h i e l d  and solar  
a r r a y s .  Vehic le  r o t a t i o n s  o t h e r  t h a n  about  t h e  sun p o i n t i n g  
a x i s  may cause a d d i t i o n a l  r a d i a t o r  s u r f a c e  t o  be exposed 
d i r e c t l y  t o  the sun. I f  t h e  amount of a d d i t i o n a l  r a d i a t o r  
s u r f a c e  exposed t o  t h e  sun  dur ing  a d e s a t u r a t i o n  maneuver 
i s  n o t  s i g n i f i c a n t ,  t h e  rotat ion is b e n e f i c i a l  s i n c e  a l l  
i n c i d e n t  o r b i t  averaged environmental  f l u x e s  on t h e  developed 
radiator c y l i n d e r  are decreased.  I f  t h e  v e h i c l e  i s  r o t a t e d  
s o  that t h e  angle between the Am amis and the sim-earth line 
i s  1 5 O ,  the o r b i t  averaged f luxes  on t h e  AM-MDA r a d i a t o r  s u r -  
face w i l l  be reduced as follows: d i r e c t  solar  and albedo, 
3.4%:IRt 1.8%.  

The effect  of B on the  i n c i d e n t  AM-MDA r a d i a t o r  
albedo f l u x  d u r i n g  t h e  normal SI  a t t i t u d e  miss ion  i s  s i g n i -  
f i c a n t .  A t  B = 0 ,  the o r b i t  averaged albedo f l u x  on t h e  

i n c r e a s e d  t o  35O and 7 3 O ,  t h e  r e s p e c t i v e  o r b i t  averaged 
albedo f l u x e s  dec rease  r e s p e c t i v e l y  t o  10 .5  and 3.9 Btu /h r - f t  . 
The radiator c y l i n d e r  i s  i l l umina ted  du r ing  t h e  d e s a t u r a t i o n  
maneuvers only  a t  high I f 3  1 , a t  which t i m e  t h e  albedo f l u x  has 
s i g n i f i c a n t l y  reduced. A t  the smal l  r o t a t i o n  ang le s  ( % l o o )  
exper ienced  du r ing  t h e  maneuver, t h i s  r e d u c t i o n  of t h e  albedo, 
d i r ec t  s o l a r  and IR f l u x e s  should dominate any i n c r e a s e s  i n  
i l l u m i n a t e d  radiator  s u r f a c e .  I t  i s  thus  r easonab le  t o  con- 
c lude  t h a t  t h e  nominal S I  a t t i t u d e  a t  l o w  
s e v e r e  thermal case f o r  t h e  AM-MDA radiator  than  does t h e  f u l l y  
i l l u m i n a t e d  d e s a t u r a t i o n  maneuvers ak  h igh  I B I .  

radiator  developed s u r f a c e  is  21.9 B tu /h r - f t  2 . For 1 8 1  
2 

181 p r e s e n t s  a m o r e  

CONCLUSIONS 

T h e  thermal effects of t h e  proposed Skylab CMG 
momentum d e s a t u r a t i o n  maneuvers on the three CBRM modules, 
t h e  OWS radiator  and t h e  AM-MDA r a d i a t o r  were eva lua ted .  
These e v a l u a t i o n s  w e r e  based upon comparisons of  t o t a l  
t he rma l  o r b i t  averaged environmental  loads w i t h  t h e  v e h i c l e  
execu t ing  the  maneuvers i n  a f u l l y  i l l u m i n a t e d  o r b i t  and 
w i t h  the  v e h i c l e  i n  t h e  normal  SI a t t i t u d e .  Maximum i n s t a n -  
taneous  absorbed thermal  l o a d  f o r  t h e  t w o  t ypes  of f l i g h t  pro- 
f i l e s  w e r e  also compared. T h i s  a n a l  s is  shows t h a t  t h e  thermal  
e f fec t  of these maneuvers a t  high ( 0  7 , when t h e  o r b i t  i s  
completely i l l u m i n a t e d ,  i s  less s e v e r e  than  t h e  normal SI 
mode a t  l o w  1 0 1 .  The d e s a t u r a t i o n  maneuvers as p r e s e n t l y  
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proposed should  thus  p r e s e n t  no thermal  problems t o  t h e  
components l i s t ed .  I m p l i c i t  i n  t h i s  conc lus ion  i s  t h e  
assumed thermal adequacy of these components t o  w i t h s t a n d  
t h e  planned B-angle spectrum of the Skylab miss ion .  

$40, P 
1 0  22-JWP- t l a  

Attachments 
R-eferencles 
F igures  1-4 

J. W. Powers  
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